Traffic congestion is a major concern for many cities throughout the world. Developing a sophisticated traffic monitoring and control system would result in an effective solution to this problem. In order to reduce traffic delay, a novel urban arterial traffic signal coordinated control method is presented. The total delay of downstream and upstream vehicles is considered and the function describing the relationship between vehicles delay and signal offset among intersections is established. Finally, comparing the performance of traffic signal under method proposed in this paper with the traditional isolated traffic signal control method, the microscopic simulation results show that the method proposed in this paper has better performance in the aspect of reducing the vehicles delay. The offset model is tested in a simulation environment consisting of a core area of three intersections. It can be concluded that the proposed method is much more effective in relieving oversaturation in a network than the isolated intersection control strategy.
Introduction
Traffic signals are common features of urban areas throughout the world, controlling vehicles' traveling through intersections. They are used to improve the traffic safety, maximizing the capacity and minimizing the delays at the intersection. Thus careful design of the traffic signal control would result in increasing the efficiency of the road network to yield economical and environmental benefits. In a conventional traffic signal controller, the traffic lights under control change at a constant cycle without considering the traffic status of adjacent intersections. This isolated control method cannot maximize the traffic capacity of the intersection. Arterial traffic signal coordinated control is proved a effective method to reduce vehicles delay and number of stops at intersections [1] .
A considerable amount of work has been done on the problem of modeling and controlling several traffic junctions in the arterial. Reference [2] proposed a green-wave signal control model based on minimum delay; in reference [3] , a two-way green wave band control was presented, but this traffic condition is rare in reality and limited to its application; the coordinated control method put forward in reference [4] only focused on the vehicle delay at an isolated intersection without considering the total delay while driving through the arterial. Based on the previous work, in this paper, vehicles delay through the arterial is considered. The delay of the downstream and upstream vehicles at intersections is analyzed. An offset model is proposed to solve the traffic signal timing control problem for unsaturated traffic arterial, the aim is to relieve the traffic congestion. The paper is organized as follows: Section II gives a brief introduction about arterial control system. Section III discusses the offset model of arterial traffic signal control system in details. Section IV discusses the simulation result and draws a conclusion question.
Description of arterial control system
Transportation system is an extremely complex system with a strong randomness, fuzziness and uncertainty, the internal mechanism and accurate mathematical model of which is difficult to understand and build [5] . Thus, the vehicles delay model is based on the assumptions as follows:
1. Turning traffic at intersections is neglected; 2. Stochastic errors caused by stochastic oversaturation are not considered; 3. The traffic flow is stable in a signal cycle and unsaturated; 4. The delay of external approach is not considered. 
Model of arterial traffic signal control system
The total delay time of motorcade while driving through the arterial is the sum of delay time at each intersection. It includes two cases: the upstream vehicles delay and the downstream vehicles delay. In order to maximize the intersections capacity, the total delay time which is donated as D should be minimized. Variable D can be expressed as,
Where variable i D represents the sum of the upstream and downstream motorcade's delay time at
Delay model of downstream vehicles
It can be calculated that the average time from intersection Si to Si+1 is 
The total delay formulation in this situation is as follows. 
Variable red
T and d T can be found by solving equations (5) and (6) respectively. By putting ed T and d T into equation (7), a delay model at the ( ) th
Considering the above two cases, let d D be the total delay time of downstream motorcade at intersection 1 i+ S . Then d D can be expressed as: The total delay formulation in this situation is as follows. The total delay formulation in this situation is as follows. Assuming that D is the total vehicles delay in the arterial, considering the downstream and upstream vehicles delay, D can be expressed as:
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Simulation and Analysis
An arterial road with three intersections, S1, S2, S3, is built; each intersection includes two-way six lanes at east-west direction and two-way four lanes at south-north direction. Table 1 shows saturation flow at above three intersections. The traffic data of the intersections is acquired by traffic radar installed at each intersection. The signal cycle and green time of each intersection is determined according to flow rate [8] . Table 2 shows the signal cycle and green time of each intersection. The simulation platform MATLAB is used to analyze the benefit of offset models proposed in this paper. To analyze the adaptability of the offset model, a considerable amount of experiments have been done. Table 3 shows the comparison results of three intersections with coordinated control method and with isolated control method respectively. Table 3 represents the signal offset between the intersection S1 and intersection S2.Likely, Φ 2,3 is the offset between S2 and S3. The simulation experiments have been done in successive ten signal cycles. The simulation results in Table 3 show that traffic signals under coordinated control method have better performance than those under isolated control in the aspect of reducing arterial vehicles delay.
Summary
Signal offset optimization model is established in this paper by considering the downstream and upstream vehicles delay in the arterial. The function describing the relationship between the vehicles and offset among intersections is set, which provides a basis for optimizing signal offset through artificial intelligent algorithms in future work. The simulation results show that the performance of the offset optimization model is better than signal under no coordination, which proves that the signal offset model is effective.
